Different solvents were used for sumac extractions to find different active compounds in each fraction, and these fractions were tested on Staphylococcus aureus (which isolated from soft white cheese), the (MIC) minimum inhibitory concentration of each fraction were measured then sub-inhibitory concentration (SIC) was used. We found that all fractions can inhibit quorum sensing in Staphylococcus aureus in a different ratio. By using Real-time PCR found that the different sumac fractions can inhibit the expression of tested genes (Sea, Seb, AgrA, RNAIII, and Hla). Furthermore, most sumac extracted fractions have the ability to decreasing biofilm and growth curve in Staphylococcus aureus significantly, while other fractions decreased them non-significantly.
INTRODUCTION
A distinguished human pathogen Staphylococcus aureus which causes numerous infections (acute and chronic) such as pneumonia, pericarditis, and sepsis. This bacteria also produce food poisoning by secretion enterotoxins 1 . Quorum sensing (QS), an essential regulatory system of bacteria that depend on the production and detection of extracellular materials called autoinducers, have been shown to control virulence factors in many pathogens 2 . In S. aureus, the Agr (accessory gene regulator) QS is the prevalent and well-studied virulence regulator and is responsible for increased expression of virulence genes, inclusive many enzymes, and toxins that are critical for the infection establishment 3 . S. aureus express and secret virulence factors that responsible of bacterial pathogenicity is under control of (Agr) quorum -sensing system 4 . AgrA (response regulator) and AgrC (histidine kinase signal transduction) are components of (TCST) two-component signal transduction system of Agr system 5 . In the external environment AIP (autoinducing peptide) activate and phosphorylate AgrC. The phosphate group transferred to AgrA, then the active AgrA lead to virulence factor expression and formation of biofilm, this due to interaction between AgrA with RNAII and RNAIII 6 . The four genes (AgrA, AgrB, AgrC, and AgrD) and two units of RNAII and RNAIII, are comprises of S. aureus quorum-sensing system 7 . The transautophosphorylation induced by AgrC, which cause AgrA activation, this cause activation of P2 and P3 for RNAII and RNAIII respectively 8 . The quorum sensing system Agr in staphylococci comprises of (2) components (RNAII and RNAIII) 9 . Phosphorylated AgrA triggers The P2 and P3 promoter. is bound to the autoinducer the Agr operon by the phosphorylated AgrA. Besides triggering the P2 promoter. The expression of RNAIII is under control of the P3 promoter 10 . Production of α-toxin is under control of RNAIII 11 .
The use and Recognition of natural products have a long history. In the report of the World Health Organization (WHO), in developing countries around 80% of people confirm that the natural products have benefits for health nursing. Due to rising microorganisms resistance to ordinary drugs, the use and recognize of natural products were increased 12, 13 . Generally referred to as Elm-Leaved Sumac or Tanner's Sumac with the scientific name Rhus coriaria L. is a small trees to deciduous shrub which grow one to five meters. Its leave accommodates nine to fifteen bushy leaflets. The term Sumac is used in preferred as a common call for numerous of Rhus plant species, however the most, not unusual species is Rhus coriaria L 14 . An solvent (ethanol) extracts of the sumac fruit decreased production of biofilm. Restricted decreasing of bacterial growth was at doses 128-512_gml -1 15 . Great phytochemical research has been done on black horehound, and numerous phenylpropanoid glycosides were diagnosed and related to slight decreasing growth by S. aureus 16 . The invention of QS represents a novel goal for antimicrobial drugs and potential plant-produced QS-regulating agents directed towards plantrelated bacterial communication systems would possibly provide a unique technique to controlling bacterial infection in human beings and animals 17 . The prevailing study is to understand the impact of sumac extracts on QS circuits in S. aureus and to examine the effect of subinhibitory concentration of sumac fractions on the expression some QS & virulence factor genes, biofilm formation and growth of the S. aureus.
MATERIALS AND METHODS

Isolation and identification
Staphylococcus aureus from soft white cheese Staphylococcus aureus isolated and identified using FDA's Bacteriological Analytical Manual USA 2001 18 .
Sumac extractions
Different solvents were used for the extraction of the active substances from sumac are selected primarily based on the polarity of the solute, from low polar to high polar, as follows:
Weight 50g of ground sumac seeds mixed with 100ml of Hexane put it in an ultrasonic bath (1.5 hours at 37° C), then filtered the mixture we get extract part one (fraction 1) using rotary evaporator to evaporate hexane, the residue will be dried at room temperature and used for next solvent extraction.
The same technique used for the other solvents to get the extracts {part (fraction 2) from chloroform, part (fraction 3) from ethylacetate, part (fraction 4) from butanol, part (fraction 5) from ethanol, and part (fraction 6) from water} 20 .
Preparation of Concentration of the sumac extracts
One gram of each sumac fraction was dissolved in 5 ml of 10% DMSO, mixed well by vortex and different concentrations prepared from 2-150 mg /ml.
Preparation of Bacterial Inoculum
A single colony of S. aureus was inoculated into 5ml of the BHI broth medium and incubated overnight at 37°C, the inoculum adjusted by McFarland for each independent test.
Determining minimum inhibitory concentration (MIC) of Sumac extracts
96-well microplates was used to assay different concentrations of sumac extracts (0, 2, 4, 5, 10, 15, 20, 25, 50, 75, 100, 125 and 150 mg/ ml) by mixing with tryptone soy broth. All wells inoculated by 10µl of previous activated culture of S. aureus, overnight incubated at 37°C Then the MIC was determined, the absorbency of them were measured before and after incubation by ELISA reader at wave length 490 nm 21 .
Enterotoxin detection assay by RPLA kit
Staphylococcal enterotoxin test kit (RPLA kit) was used for determining Staphylococci enterotoxins A (Sea), B (Seb), C (Sec), and D (Sed) in culture supernatants (after growing bacteria in trypton soy broth which contain sub-mic sumac extracts concentration) by passive agglutination 22 .
Determining gene expression by using real_time PCR
Effect of sumac extracts on expression each of (Sea, Seb, AgrA, RNAIII, and Hla gene) were tested by using Real-time PCR, the total RNA extracted from the bacterial culture which growing in trypton soy broth contain sub-mic sumac extracts comparing them with control culture of Staphylococcus aureus.
The decontaminated RNA for DNA microarray evaluation were used for real-time PCR (RT-PCR). cDNA was made from 1g of RNA using high-capacity RNA-to-cDNA master mix (Applied Biosystems). For quantifiable real-time PCR, magnification was performed with Power Sybr green master mix in first step plus thermal cycler (Applied Biosystems). The primers had been obtained from other researchers as shown in table 1. Thirty cycles had been run with denaturation at 95°C for 15 s, annealing at 55°C for the 30s, and extension at 60°C for 45s 23 .
Effect of sumac extracts on biofilm formation by
Staphylococcus aureus
Microtiter dish plate method was used to detect biofilm formation before and after growing bacteria in trypton soy broth contain sub-mic sumac extracts and comparing it with control culture, by using the method of OToole 27 .
Effect of sumac extract on growth curve of S. aureus
Effects of sumac extract on growth curve was determined by growing bacteria in a microtiter plate which contains trypton soy broth plus submic sumac extracts, then measuring optical density in each hour in comparison with control culture 28 .
Statistical Analysis
Spss program 20 was used to compare between means (for biofilm and growth curve) by One way ANOVA and Duncan test. 
RESULTS AND DISCUSSION
From 31 isolates of Staphylococcus aureus, one isolate which is an enterotoxin A & B producing strain (tested by RPLA-KIT) was chosen and different sumac fractions were tested on it.
As shown in table 2 the mic of sumac extract fraction 1, 2, 3, 4, 5, and 6 were 75, 25, 2, 5, 5, and 25 mg/ml respectively; the concentrations were different because the fractions contain different active ingredients.
By RPLA test, we get that the all sumac extract fractions caused inhibition of enterotoxin expression as shown in table (3) .
By RT-PCR it was evident that the different sumac extract fractions have different effect on expression of tested gene (Sea, Seb, AgrA, RNAIII, and Hla). As evident in Fig.1 Sea and Seb gene inhibited by all sumac extract fractions, and AgrA inhibited by fraction 1, 5, and 6, while RNAIII not expressed by fraction 5 and don't affected by fraction 3, and 6, also Hla don't inhibit by fraction 1.
Sumac extract caused decreasing biofilm formation by Staphylococcus aureus, according to one way ANOVA test (P ֲ 0.05), fraction 1, 2, and 5 decreased biofilm significantly while fraction 3, 4, and 6 caused decreasing biofilm non significantly comparing with control, as shown in Fig. 2 . Fig. 3 and 4 showed effects of sumac extract on growth curve of S. aureus, as shown all extract fractions have an effect on the growth curve, fraction 1, 2, 3, and 4 significantly shortened the growth curve but fraction 5, and 6 have nonsignificant effect on growth curve, this results obtained by one way ANOVA test (P < 0.05).
It¼s clear in our results that the sumac extract blocked some virulence factors and decreased the others, furthermore we note that the sumac extract has a role in biofilm disassembly and changing Staphylococcus aureus behaviors.
The DNA microarray and quantitative real-time PCR (qRT-PCR) data studies had shown the decreasing expression of the QS regarding genes in several pathogenic bacteria, which lead to a reduction in their virulence properties 20 . Natural products from plants include favorable tools for the bacterial pathogenesis management and bacterial modulations. Previous studies on anti-QS activities or QSI of natural products in bacteria have concentrated mainly on elucidating the decreasing of expressions of well-established determine induced genes of QS 17 . The attenuation of bacterial virulence due to reduction of expression QS genes cause the prevention of bacterial pathogenicity 18 . The reduction of expression QS genes and the level of signaling molecules that affect the production of virulence factors provide more insight into why these natural products were used in the past and how they can be used in the future to control the microbial infections 21 .
The lively compound of sumac which is gallic acid. Borges and co-workers worked on Sea the mechanism of action of gallic acid towards distinctive kind of microorganism, gallic acid induced irreversible modifications inside the membrane properties via hydrophobicity modifications, a lower of anions, and prevalence of locally rupture or formation pores within the cell membranes which cause leakage of vital components of the cell 29 . 1, 2-dioxo-6-hydroxycyclohexadiene-4-carboxilic acid is the other active quinones compound of sumac. The quinine compounds present some free radicals and can react with nucleophilic amino acids in the protein and produce stable complexes which cause loss it's function and rapturing the cell. The quinone oxidization targets are the surface-exposed adhesion, polypeptides in cell wall, and membrane-bound enzyme 31 .
Between 56 Palestinian plants tested, found that the sumac have the most antibacterial activity toward Probionibacterium acnes (MIC 6 mg.ml -1 , MBC 6 mg.ml -1 ), S. aureus (MIC 4 mg.ml -1 , MBC 6 mg/ml), E. coli (MIC 6 mg/ml, MBC 8 mg/ ml) and Pseudomonas aeruginosa (MIC 4 mg.ml -1 and MBC 6 mg.ml -1 ) 32 . Although R. coriaria is a particularly rich source of phenolic compounds 33 . 
